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Abstract 
Why is the number of unsuccessful projects in the world almost constant from year to year? Among the factors influencing 
success, there are two reasons:  
x all PM methodologies and approaches methods and tools have been developed for project manager, based on his needs to 
execute the projects 
x other interested parties make decisions and really do manage projects, but they DO NOT have any specific methods and tools 
for the successful fulfillment of their functions. 
There is a methodological mistake. Well – known PM methodologies and approaches deal with the stakeholders as the “objects” 
of management. However, key stakeholders do manage the project being the main decision makers, thus they are “subjects”, not 
“objects” of management. The authors suggest new approach, models, methods and tools for managing PP&P for key 
stakeholders. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In modern world project managers carry out various activities for managing the creation of a new project product 
and apply well-known methods and tools for this purpose. At the same time, the number of unsuccessful projects in 
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percent relation to successful ones reaches from 40% to 60% by different estimates (PMI, Pulse of the Profession® 
In-Depth Report: Navigating Complexity, 2013). This might be interpreted like almost half of the projects either do 
not achieve the planned results or do not meet the requirements that different interested parties want to have. The 
reasons of such low effectiveness are various, but all of them could be divided into two larger groups. First, the 
technologies, methods and tools for managing the project activity existing today, need to be reviewed and improved. 
Second, new methodologies, methods and tools need to be developed. 
All existing methodologies of project management are built under the determined network diagram models which 
are focused on the operational level, i.e. the lowest level of execution the project management activities. In fact, the 
methodologies known today in the world as well as the standards - PMBOK, PRINCE2, IPMA ICB, P2M, and 
certification systems, have been developed on this basic principle – models are intended to be used by the project 
manager and project management team. At the same time there are many other interested parties (stakeholders) 
taking active part in project management activities. They make decisions at tactical and strategic levels of 
management, i.e. fulfill governance functions. Whether it be investor, customer, general contractor or other, all of 
them use the determined models, focused on operational level of management for a decision making process of 
higher level. Thus, the existing methodologies do not take into consideration their interests and consider the key 
stakeholders to be the “objects”, not “subjects” of management.  
In this paper the authors propose to develop the new methodology of developing of the new information – 
analytical system for managing complex projects on the basis of integration of multi aspects mathematical models 
for managing projects from the positions of different interested parties. These separate models have been developed 
and described by the authors previously. For developing such a complex model, it is planned to take the cyclic 
alternative network diagramme as a basis, including classical, generalized and stochastic network models being the 
correspondent parts of the complex one. 
2. Logical schemo of the information – analytical system of complex project management 
The integrated information - logical scheme of stakeholders’ interaction is presented in figure 1. The algorithm of 
integration of mathematical models and methods for management projects consists of procedures of aggregation of 
Cyclic alternative network models - CANM (Voropaev V.I., Gelrud Ya.D., 2013), thus for each level of 
management and each stakeholder, necessary types of network models, their parameters and methods of processing 
are defined for each interested party. 
 
Fig. 1 Interrelation of mathematical models of project management 
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Depending on the interested party and its role, the main types of the functional models of key stakeholders can be 
defined and described as follows: 
 
x Project manager and project management team (PMT) or project management office (PMO) – detailed network 
model, DNM 
x Investor – investment finance model, IFM 
x Customer – acceptance delivery model, ADM 
x General contractor – integrated network model, INM 
x Regulating and supervisory authorities - model for executing the regulatory functions, RM 
x Supplier -  operational logistics model, OLM 
x Commercial service – profitability commercial model, PCM 
In figure 2 models of interested parties and levels on which they operate are schematically shown. 
 
Fig. 2 Functional models and management levels 
 
2.1. Detailed network model (alternative, stochastic, cyclical), DNM 
DNM is intended for operational and medium-term management of works and project management activities 
executed by its users at the lowest level. On its basis operational schedules of performance of works, deliveries and 
other kinds of activity is developed, operational account and control, reporting, monitoring, analysis and regulation, 
feed-back etc. carried out. DNM is a process model of all kinds of activities and works on creation of new product. 
DNM is presented by the focused universal or specialized graph in which in technological interrelation and 
dependences all necessary works are shown. The DNM main elements are works, events, dependences, time and 
resource constrains. 
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2.2. Investment – financial model, IFM 
IFM is the s the integrated (aggregated) process model of the project that contains possible/alternative options 
ensuring financing of project activity. Drawing up on its basis of a long-term and medium – term plans on creation 
of a product of the project, including all kinds of PMA of Investor throughout project lifecycle from its organization 
and initiation until the time when realization of the created product completed. It must also contain the whole 
management cycle – planning, monitoring, control, analysis and regulation, estimate at completion (prediction), 
closing out and archiving. IFM has to take into consideration and describe technological sequence of separate 
processes and works of all types of the project management activity included into it providing the project with 
necessary tools and tracking of process of financing. IFM is presented by the focused universal or specialized graph. 
The main elements of IFM are the expenses centers, profit centers, dependences, constrains interrelations, events and 
milestones. 
2.3. Acceptance – delivery model, ADM 
ADM is a part of tools set for project management activity from positions of different interested participating in 
activity of the Customer and the related organizational structures. It is intended for the Customer and its 
organizational structures. Long-term plan of creation of a product and stage-by-stage plan of delivering product 
elements and modules including all kinds of project management activity. ADM contains the whole governance 
cycle, including feedback. The basis of ADM is breakdown of these delivery elements. All elements have the 
specific measurements (e.g. labor-days/work, kilograms, length, width, amounts of works, duration etc.) and 
dependences between milestones, works and these elements. 
2.4. Integrated network model, INM (probabilistic, alternative, stochastic, cyclical models) 
The integrated network model (further INM) is a part of tools set for project management activity of the General 
Contractor and the related organizational structures. The General Contractor and its TOP – management responsible 
for making strategic decisions could use INM. INM includes all kinds of activity necessary for the organization of 
General Contractor and related organizational structures. Drawing up on its basis of a long-term and medium – term 
plans on creation of a product of the project, including all kinds of PMA of the General Contractor throughout 
project lifecycle from its organization and initiation till the time when realization of the created product completed. 
It includes also planning, monitoring, control, analysis and regulation, estimate at completion (prediction), closing 
out and archiving. INM is presented by the focused universal or specialized graph in which all works on the project 
organization, project management as well as design, ensuring complete deliveries of required technological and 
other types of equipment, construction, installation, put into operation, adjustment, performance of architectural 
supervision is presented in technological sequence. The main elements of INM are work packages, events, 
milestones, dependences, constrains. 
2.5. Operational – logistics model, OLM 
OLM is intended for operational and medium-term management of works and project management activities 
executed by the Supplier and its organizational structures at the lowest level. On its basis operational schedules of 
performance of works, deliveries and other kinds of activity is developed. At the operational level on its basis the 
operational accounting, monitoring and control, reporting, analysis and regulation as well as feed-back are carried 
out. OLM is intended for managing deliveries and ensuring quality both of the delivered materials and quality of 
process of the delivery organization. The OLM main elements are place, time, volumes, dates, milestones of 
operations and deliveries as well as their durations. 
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2.6. Model for executing the regulatory functions, RM 
RM is intended for operational and medium-term management of works and project management activities 
executed by the regulating, supervision and other types of authorities at the low management level. On its basis 
operational schedules of performance of works and other kinds of activity is developed. At the operational level on 
its basis the operational accounting, monitoring and control, reporting, analysis and regulation as well as feedback 
are carried out. Application of RM gives the opportunity to regulating, supervisory and other types of authorities to 
provide performing the requirements of the legislation of different levels, coordination, checking and examination as 
well as expertise of project documentation, taking into account national, country, social and cultural, geographical, 
political, ecological and other factors (depends on project scale). The RM main elements are experts’ decisions, 
approvals, consultations, taxes, sanctions, milestones, operations and durations. 
2.7. Profitable commercial model, PCM 
PCM is intended for operational and medium-term management of works and project management activities 
executed by the executors of the commercial service who are responsible for realization of the product and providing 
the profit, acting on the low management level. On its basis operational schedules of performance of works, events 
and other kinds of activity are developed. Operational accounting, reporting, controlling, monitoring, analysis and 
regulation, estimate at completion and feedback also are carried out. Applying the PCM model, the staff of 
commercial service will be able to provide certain sales volumes by the moments of a fulfillment of demanded 
milestones (events), product realization at different stages of the project, satisfaction of needs of end users who are 
going to use the product of the project, carrying out marketing and sales actions. The PCM main elements are 
milestones, works on marketing and sales dependencies, finish based planning principle, contracts with end users, 
financial parameters, work with reclamations. 
3. Mathematical models for stakeholders’ activities in project management 
Mathematical models for project management from positions of different interested parties such as Investor, 
Customer, Supplier, Project Manager and the Project Team, Regulators, Marketing and Sales Department are 
described in details (Voropaev V.I., Gelrud Ya.D., Klimenko O.A., 2013 - 2015) the short descriptions are presented 
below in this paper.  
Investor seeks for maximum profit on the investments made. At the same time any capital investments are 
connected not only with expectation of obtaining the income and profit, but also with constant danger of risky 
losses. Thus, in optimization tasks of formation of an investment portfolio it is necessary to consider these risks.  
For realization of functions of the investor the following set of mathematical models is offered: 
 
1. Model of finding of the amounts of project financing by own and crediting volumes on the periods which satisfy 
to constrains on the necessary volume of investment, on own and on possible volumes of crediting. Thus, 
maximizing the net present value (NPV) of the project. 
2. Multi criteria mathematical model of Investor activity with the determined amounts of financing (minimization 
of risk and maximizing the expected profit). 
3. Multi criteria mathematical model of Investor activity with the variable amounts of financing. 
4. The mathematical model of Investor activity maximizing degree of project liquidity. 
5. Model of selection of strategy for an assessment of efficiency of the complex investment project. 
6. Mathematical model of a task on a choice of the option of financing project satisfying to time and resource 
constrains, thus maximizing profitability, minimizing risks and having the maximum degree of liquidity.  
 
Here criterion functions are:  
ܨଵ ൌ෍൭෍ݔ௞ ή ܰܲ ௞ܸ௧
௡
௞ୀଵ
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the degree of project liquidity F2(K,T); 
minimization of risk  
 
ܨଷ ൌ෍൭෍ݔ௞ ή ݎ௞௧
௡
௞ୀଵ





Where ࡺࡼࢂ࢑࢚  - net present value of project option k at the beginning of the period t,  




Vector K – the amounts of financing project and its separate stages and the T vector – terms of implementation of 
the project and its separate start-up complexes, d – a discount rate. 
Customer is the company or the person for the interests of which the project is being executing. As a rule, the 
Customer is the future owner of the project. For realization of functions of the customer the following set of 
mathematical models is offered: 
 
1. The mathematical model of activity of the customer minimizing changes of a configuration of the project. 
2. The mathematical model of activity of the customer minimizing deviation degree from a project cost and finance 
management plan. 
3. The mathematical model of activity of the customer maximizing degree of quality of the project. 
4. Multi criteria mathematical model of activity of the customer which consists in development of the integrated 
planned schedule of implementation of the project satisfying to constrains on separate directive terms and 
milestones, restrictions on the amounts of financing, on quality of performance of separate works taking into 
account an indicator of reliability of the project. Thus, minimizing the changes of a configuration of the project. 
 
Because of use of this model, the integrated plan of performance of work of the project provided with financing, 
necessary degree of reliability and optimum on quality is formed. 
General Supplier is a company that manages the process of providing the project with all necessary raw 
materials on the basis of the contracts with different suppliers. The technique of creation of the regression model 
describing nature of influence of volumes of deliveries of each supplier to quality of a product is offered. In the 
course of creation of model, the optimum number of suppliers as well as tactics of their selection is defined. Besides, 
the technique of expert selection of possible suppliers with use of criteria of correlation of Spearmen and Kendall 
and the principles of paired comparison (a method of hierarchies of Saaty) is offered.  
It is also offered to use the single-product multi criteria static problem of a choice of the supplier in which criteria 
of efficiency are:  
K1 – a cost assessment of purchases,  
K2 – an assessment of conditions of deliveries and a form of calculations,    
K3 – the indicator characterizing quality of the delivered production,  
K4 – a deviation of total volume of deliveries from the necessary one. 
Further the multi product dynamic transport problem of definition of the optimum plan of deliveries with 
minimization of expenses and penalties is considered. Criterion function – total costs for purchase and transportation 
of resources taking into account priorities of suppliers. 
Project manager (and the project management team) is a legal entity to whom the customer (the investor or 
other participant of the project) delegate powers on the management of works on the project: planning, control and 
coordination of works of participants of the project.  
Process of project management is carried out by means of development of the detailed plan of works (is initial for 
work of a general contractor), business plan, milestone schedule for the investor, the comprehensive integrated plan 
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for the customer, the plan of deliveries for the supplier, the plan of the taxation for regulators. For the description of 
the complex project, its subject domain the cyclic alternative network model (CANM) is used. 
Mathematical models and algorithms of the solution of problems of managing time, cost, quality, risks, resource 
management are developed and described. 
Regulators (Authorities) is the stakeholder which is satisfying the interests by receiving taxes from participants 
of the project, putting forward and supporting the ecological, social and other public and state requirements 
connected with implementation of the project. The mathematical model of an assessment of environmental risks and 
level of the social importance of projects is developed. The mathematical model of optimization of benefits and 
losses is also developed for the territory from the point of view of the taxation, social and ecological requirements at 
the expense of a choice of option of implementation of the project providing the most objective assessment of its 
positive and negative aspects. 
Final model of a complex is the multi criteria mathematical model of activity of regulators with criterion 
functions: 
1) maximizing the expected volume of taxes: 
ܨଵ ൌ෍൭෍ݔ௞ ή ݊௞ ή ܲ ௞ܸ௧
ே
௞ୀଵ

























Estimates of an environmental risk of ܣҧ௞௧ version of the project k realized in the period of t in the volume of 
investment of ௞ܸ
௧ , and assessment of level of the social importance of projects ܤത௞௧  it is formed by means of 
multidimensional methods of expert estimates with use of criterion of Spearmen.  
Basic purpose of marketing and sales department (commercial service) is to enable the selling of the product 
created during the project and to provide inflow of money to the company. The technique of creation of the 
regression model describing nature of influence of characteristics of the project (factors) and the course of its 
realization on implementation of the plan of input of complexes (sales) is considered. Further, the mathematical 
model of definition of optimum characteristics of the project maximizing the given stream of payments from 
realization of apartments is presented. 
Realization of set of all complexes of mathematical models for stakeholders’ demands creation of the adequate 
network model of the project considering complexity, complexity, risks, stochasticity of structure of a network and a 
probability of its parameters, and a variety of competences of all stakeholders participating in design activity at the 
present stage. The description of such network model and methods of work with it are submitted. 
4. Mathematical model of functioning of the integrated information – analytical system 
The general mathematical model of the integrated information and analytical control system of projects looks as 
follows: 
Qi(DNM)=Gi , (i=1,2,…,6),                                                                 (6)         
                                                      
- operators of the aggregation of the detailed network model, 
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where  Gi =( IFM ڀ ڀ ڀ ڀ ڀ), 
Ri(Gi),                                                                                         (7) 
 
- operators of developing plan optimal on criteria of i-stakeholder in accordance with all set of the mathematical 
models that are going to be used, 
 
ܳ௜ିଵሾܴ௜ሺܩ௜ሻሿ ൌ Ԣ,                                                                       (8)        
  - operator, the return to aggregation of network model for i-stakeholder, consists in a task of restrictions on 
separate works, work packages, milestones in detailed network model. 
 
Decision-making in the integrated information and analytical control system of projects is defined by the 
sequence of performance of transformations (1)-(3) considering priority of stakeholders in the specific project. In 





         
                      
 
 
Fig. 3. Decision making scheme in integrated information and analytical control system  
5. Conclusion 
In this paper problems of creation of an information and analytical control system of complex projects on the 
basis of a complex of mathematical models of functioning of various stakeholders were considered, the information - 
logical scheme of their interaction, procedure of aggregation of network models, algorithm of integration in which 
the mathematical models developed by authors are used is described. This approach is the basis for creation of the 
integrated information and analytical control system of projects considering difficult realities of the modern world 
and providing integrity and completeness of the functions. 
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